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Abstract 
 
Aquaculture is the most rapidly expanding sector of worldwide animal 
production. Growth of aquaculture throughout the world requires increased production of 
aqua-feeds. At present fishmeal still remains the major dietary protein source, comprising 
between 20-60% of fish feed. Therefore, efforts all over the world are being directed 
towards finding quality alternative protein source that, ideally, are less expensive and 
readily available as substitutes for the expensive fishmeal. A variety of plant proteins 
have been currently used to manufacture fish feeds, including meals from oilseeds (e.g. 
soybean, rapeseed/ canola, sunflower, and cottonseed), grains (wheat and corn), and 
legumes (e.g. pea, bean, peanut, and lupin). 
Comparing with the other plant proteins, such as oilseed meals or other grains, 
the production of corn and its co-products are much higher than those plant productions 
and are expected to be continuously increasing within the next decade. Corn co-product 
meals, are co-produced in parallel with major processed corn products, which are the 
valuable, cost-effective, relatively high protein source with highly digestible for 
aqua-feeds. Additionally, they have no concerns on the antinutritional factors (ANFs) like 
phytic acid. However, they are still suffering from deficiency in some essential amino 
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acids (EAA), such as lysine, methionine, and tryptophan in comparison to those present 
in fishmeal. 
Feed-processing technology considers particularly processing and/or techniques 
to enhance the nutritional quality of plant proteins which have been employed by many 
feed manufacturers for several years in order to improve the physical characteristics and 
nutrient utilization efficiency of feeds. Corn high protein distillers dried grains (HPDDG) 
and corn protein concentrate (CPC), for example, are produced through mechanical 
modified pre-processing technology. Likewise, the biological enhancement involves the 
use of micro-organisms can also effectively improve the quality of ingredients. 
Application of enzyme (i.e. phytase), for example, has been investigated and 
demonstrated great potential for removing the antinutritional factor and improving the 
nutrient bioavailability. 
Because HPDDG and CPC are relatively new co-products that are currently 
widely used in aqua-feeds, the information of nutrient digestibility and amino acid 
bioavailability are not available. Moreover, little work has been carried out to examine 
the impact of microbial phytase on protein and amino acid bioavailability. Thus, the 
objectives of this current study are to compare the nutritional quality between a typical 
corn gluten meal (CGM) and new corn co-product meals (i.e. HPDDG, and CPC). The 
nutritional assessment of HPDDG and CPC with the juveniles rainbow trout 
(Oncorhynchus mykiss), was undertaken to evaluate the effects of replacing some of the 
CGM with HPDDG and CPC, as well as the effects of microbial phytase enzyme 
supplementation on protein and amino acid availability in the low fishmeal diet. 
In the first experiment, a 14-week nutrition trial of HPDDG with rainbow trout 
(Oncorhynchus mykiss: initial weight = 7.5 – 7.7 g fish -1) was conducted to evaluate the 
effect of replacing corn gluten meal (CGM) with four levels of HPDDG (0, 5, 10, and 
15%). This study found that 0-15% HPDDG can be used in diets for rainbow trout. 
Replacement of CGM by HPDDG did not affect feed utilization efficiency or the health 
status of fish. The final body weight and phosphorus (P) content of fish increased with 
increasing HPDDG content in the feed. Although increasing dietary HPDDG levels 
resulted in a reduction of lysine (Lys) and methionine (Met) digestibility, the digestible 
CP, including Lys and Met, in the experimental diets remained high (above 90%). Better 
utilization of CP and P by fish fed dietary HPDDG resulted in less waste excretion by 
these fish than by those fed the control diet. HPDDG may be considered as an alternative 
protein source for aquaculture feeds. 
 In experiment 2, A 14-weel feeding trial of HPDDG with rainbow trout 
(Oncorhynchus mykiss: initial weight = 9.1 ± 0.5 g fish 
-1
) was conducted to evaluate the 
effect of dietary phytase supplementation at 1500 FTU kg
 -1
 diet in higher inclusion level 
of HPDDG (20 and 25%) diets on the bioavailability of nutrients and amino acids and 
waste outputs. This study found that phytase could significantly improve the growth 
responses (i.e. WG, FI, FCR, PER, and PRE) in rainbow trout. Supplementation of 
phytase significantly increased liver and plasma free amino acid concentrations. The 
digestibility of protein in HP-20+ and HP-25+ were significantly improved by 
supplemented the microbial phytase and resulted in less the nitrogen (N) waste excretion 
by those fish fed the HP-20+ and HP-25+ diets than by those fed the control, HP-20, and 
HP-25 diets. 
In the last experiment, a 14-week feeding trial of CPC with rainbow trout 
(Oncorhynchus mykiss: initial weight = 8.0 ± 0.2 g fish
 -1
) was conducted to investigate 
the effect of replacing corn gluten meal (CGM) with five levels of CPC (0, 10, 20, 30, and 
40%) on the bioavailability of nutrients and amino acids, fish nutritional responses, and 
amino acid distribution in plasma at differences post-absorptive periods (8, 16, 24, and 96 
h). Although CPC had higher protein content (75.8%) than CGM (60.0%), its availability 
of amino acid seems to be lower than the CGM. Maximum feeding level of CPC for the 
rainbow trout was 30% in low fishmeal diet. The study found increased the CPC 
inclusion level of fish diet resulted in reduction of the protein utilization efficiency and 
some indispensable amino acids bioavailability. Furthermore, a close relationship 
between amino acid availability and plasma amino acid concentrations were observed at 
differences post-absorptive periods. 
In summary, Diminution of CGM by HPDDG (0-20%) or by CPC (0-30%) in the 
low fishmeal diet did not affect the growth responses or health status of the rainbow trout. 
Moreover, using feed processing technology (i.e. prefractionation and protein-starch 
separation) and application of microbial enzyme (i.e. phytase) can create new corn 
co-products (i.e. HPDDG or CPC) that are highly digestible protein source (ADC value of 
protein 90%) for aqua-feeds. Although they have no concerns on the antinutritional 
factors (ANFs) like phytic acid, they are still suffering from deficiency in some EAAs, 
such as lysine, methionine. 
 
